In high-and extra high-voltage systems, cavitation often occurs, which affects normal operation of the system and the service life of the hydraulic components. The paper introduces a criterion to judge cavitation through predicting the primary cavitation using the stress state rather than relying on average pressure. Based on this judgment criterion, we established a full cavitation model of incompressible gas that has cavitation characteristics to analyze the distribution of pressure, stress and the volume fracture of cavitation of V-type valve port. This full cavitation model can make reasonable prediction for the cavitation of V-type valve port.
Abstract.
In high-and extra high-voltage systems, cavitation often occurs, which affects normal operation of the system and the service life of the hydraulic components. The paper introduces a criterion to judge cavitation through predicting the primary cavitation using the stress state rather than relying on average pressure. Based on this judgment criterion, we established a full cavitation model of incompressible gas that has cavitation characteristics to analyze the distribution of pressure, stress and the volume fracture of cavitation of V-type valve port. This full cavitation model can make reasonable prediction for the cavitation of V-type valve port.
Overview
Cavitation is a harmful phenomenon that is common and unavoidable in hydraulic components. Since the bubble will take up some space, it will damage the continuity of liquid, reduce the physical properties of medium and flow capacity of suction pipe, worsen the performance of hydraulic system, damage parts and bring about fluctuation of flow and pressure. When the bubbles break, the instant high pressure arising thereof (central pressure can even reach 150~200MPa) will be transmitted in form of pressure wave to the hydraulic system, thus causing strong vibration and noise. This not only reduces service life and reliability of components, but also brings about environmental problems and others. Therefore, researchers home and abroad, with respect to different objects and causes, make a great amount of research on how to have effective control over primary cavitation and its development. It is commonly believed that cavitation arises from low pressure, and when the oil pressure is lower than the disjoining pressure of the air or than the saturated vapor pressure of the oil, air or oil vapor will spill out of the oil and become bubble. However, in some high voltage systems, when the pressure is far higher than the saturated vapor pressure, cavitation can also be observed. Daniel D. Joseph [1, 2] holds that the primary cavitation shall be described by stress, and that when the principal stress exceeds the tensile strength of the oil, cavitation occurs. Liu Chenjiang et al. [3] , puts forward the maximum stress criteria based on the fact that cavitation will occur when partial pressure is larger than the hydraulic pressure. Zhou Sheng [4] puts forward that pressure and oil deformation are two independent factors causing primary cavitation.
Typical shear flow includes jet flow, wake flow, pipe flow and so on. Flow of V-type valve port is typical jet flow. Studying cavitation of the valve port is of great significance to studying hydraulic power and design parameter, as well as relations between cavitation. The paper makes numerical analysis for the flow field of V-type valve port using full cavitation model containing stress judgment criteria and bubble dynamics and incompressible gas.
Cavitation Judgment Criteria

Traditional Cavitation Judgment Criteria
In engineering application, it is commonly believed that when the oil pressure is lower than the saturated vapor pressure, cavitation will occur. In some literature, cavitation number is most commonly used to predict primary cavitation:
Where, k is cavitation number, p  is static pressure of main flow field, c p is saturated vapor pressure, U is velocity of fluid. When k is less than 0.4, cavitation will occur, and at this time, p  and U are pressure and velocity of the primary cavitation respectively. This judgment criterion is based on saturated vapor pressure, but in most hydraulic systems, cavitation will occur when it is lower than air disjoining pressure. The limitation of this judgment criterion is gradually recognized by cavitation field [5] .
Cavitation Model Based on Principal Stress
Stress can be expressed by the following 3-D model: 
Where, [ ] D u is the symmetric part of velocity gradient,  is viscosity, I is identity matrix;
and
Therefore,
p is defined as the average positive stress, and S is defined as 
 , cavitation is generated, and it is the largest judgment criteria for primary cavitation. It is stricter than traditional judgment criteria, since it requires that cavitation would occur when one of the principal stresses (rather than the average stress) is lower than the saturated vapor pressure. Based on Formula (5), when the velocity gradient of each point in the oil is known, the stress state of this point can be determined. Formula (5) establishes the bridge between stress and the movement status.
Full Cavitation Model Based on Stress Judgment Criteria
The following assumption shall be made before making analysis of the full cavitation model: the air in the oil is not compressible, and its volume fracture is know; Gas and bubble are mixed evenly, there is no velocity slip between gas/liquid phases and the velocity is single;
Oil is not compressible, which is the prerequisite of the model. Only vapor is compressible in this model. Based on the above assumption, there are three parts: air, oil and vapor, whose volume fractions are a  , o  and v  respectively. Since air is resolved in the oil, l  is assumed to be the total volume of them, and then
Equation of Continuity
Where, m u is the velocity of mixture, m  is density of mixture, which is defined as
Where, f is the volume force, T   is the stress tensor. Substitute Formula (2) in Formula (9), and then 
Equation of Mass Transfer
Where, n  is the mass transfer between the two phases, 
Where, Fv is the evaporation coefficient, Fc is the condensation coefficient, R0 is the radius of spherical bubble.
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. This model put forward by Singhal Ashok K. et al [6] takes into consideration the influence of transition of gas phase and liquid phase, bubble dynamics, turbulent pressure fluctuation and incompressible gas, so it is called "full cavitation model".
Simulation Result and Analysis
Much work has been done for research on flow field simulation and visualization in China and foreign countries. By analyzing chart of flow field, it is found that there is obvious cavitation in jet flow field of V-type valve port [4, [7] [8] [9] . The paper applies FLUENT flow field simulation software to make numerical simulation for the jet flow field of V-type valve port. Figure 1 is the structure diagram of V-type valve port, Table 1 are the basic structural parameters of the valve port and Table 2 are the basic parameters of hydraulic oil. Realizable k   model is used in simulation. It improves the turbulent viscosity to make itself more sensitive to the influence of turbulent and more adaptable to the flow field. Non-equilibrium wall-function method is used to handle the part near the wall. Figure 2 shows the situation when the inlet pressure of the valve is 10MPa and outlet pressure 0.5MPa. The parameters of the valve port are shown in Table 1 . For the pressure nephogram not using full cavitation model, the pressure is that in the table. It is shown in the figure that the pressure of certain point downstream the valve port is -17.2MPa, which is impossible in actual system. In reality, the minimum pressure is the absolute vacuum, -0.101MPa. It is because the influence by change of turbulent and viscosity is not considered when predicting the cavitation. When the outlet pressure rises, the differential pressure between valve ports drops, and the absolute negative pressure of the valve port gradually decreases, as is shown in Figure 3 . This trend is coincident with reality, and also shows the relationship between the differential pressure and cavitation. Figure 4 shows the pressure nephogram of the flow field of the valve port when applying full cavitation model. It can be seen from the figure that for the factors like the influence of turbulent and change of viscosity are considered, there will be no large negative pressure at the valve port, which is limited by the absolute vacuum instead. Figure 5 is the distribution nephogram of observed quantities under full cavitation model. It is shown by the distribution of strain rate in Figure 5 that the largest strain is at the acute angle position of the valve port, and that the largest principal stress occurs downstream the valve port, the area where cavitation mainly gather. It can be seen from the volume fraction nephogram of the cavitation that there are many cavitation volumes in this part, with the highest point in some parts reaching 72%. Analysis of distribution of parameters in the direction of the axial and section can help us fully grasp the distribution of cavitation. Figure 6 shows the test positions, and Figure 7 and Figure 8 are the distribution of parameters in the direction of the axial and the section.
It can be seen from Figure 7 that pressure, stress and cavitation distribute fundamentally constantly without any change upstream the orifice but in the position 22~26mm downstream the orifice, pressure has partial vacuum, stress value fluctuates and the volume fraction of cavitation rises sharps, reaching 60%. It can be seen from Figure 8 that from the bottom to the top of the section, the pressure on the section drops gradually, the stress rises gradually and volume fraction of corresponding cavitation increases therewith, namely more and more bubbles appear on the upper level of the section, which can be seen from the nephogram of cavitation volume fraction in Figure 5 . Figure 9 is the comparison between cavitation volume fractions when the pressure in the flow field is the air disjoining pressure and the saturated vapor pressure respectively. It is shown in the curves in Figure 9 that under the air disjoining pressure and the saturated vapor pressure, the cavitation volume fraction increases as the inlet pressure rises, that is the pressure difference between the two ends of the valve port increases and cavitation is more serious. It is also shown that cavitation volume fraction under the saturated vapor pressure is larger than that under the air disjoining pressure, which indicates that the traditional cavitation judgment criteria on the basis of air disjoining pressure is not accurate. In the full cavitation model, the saturated vapor pressure is included in the model as compressible gas, and the influence of oil viscosity is considered, thus making the model more consistent with reality. 
Conclusions
Using stress judgment to predict primary cavitation in the shear flow applying it in the full cavitation model of V-type valve port, we, through FLUENT simulation analysis, draw the following conclusions that (1) The full cavitation model containing the maximum stress judgment criteria can effectively predict the primary cavitation;
(2) Cavitation occurs in areas where stress is larger than the saturated vapor pressure; (3) Cavitation occurs downstream the orifice, and on the section vertical to the axial of the flow field, the closer the position is to the upper side of the valve port, the more serious cavitation is; (4) Cavitation volume fraction under the saturated vapor pressure is larger than that under the air disjoining pressure.
